Quantification of global land evapotranspiration (ET) has long been associated with large uncertainties due to the lack of reference observations. Several recently developed products now provide the capacity to estimate ET at global scales. These products, partly based on observational data, include satellite-based products, land surface model (LSM) simulations, atmospheric reanalysis output, estimates based on empirical upscaling of eddycovariance flux measurements, and atmospheric water balance datasets.
Introduction
Land evapotranspiration (ET) is a common component in the water and energy cycles, and provides a link between the surface and the atmosphere. Accurate global-scale estimates of ET are critical for better understanding climate and hydrological interactions.
Local scale ET observations are available from the FLUXNET project [Baldocchi et al., 2001] . However, dense global coverage by such point measurements is not feasible and the representativeness of point-scale in-situ measurements for larger areas is a subject of active research.
To address this limitation, several alternative global multi-year ET datasets have been derived in recent years. These datasets include satellite-based estimates, land surface models driven with observations-based forcing, reanalysis data products, estimates based on empirical upscaling of point observations, and atmospheric water balance estimates. The LandFlux-EVAL project (see www.iac.ethz.ch/url/research/LandFlux-EVAL) aims at evaluating and comparing these currently available ET datasets. The effort forms a key component of the Global Energy and Water Cycle Experiment (GEWEX) LandFlux initiative, a GEWEX Radiation Panel program that seeks to develop a consistent and highquality global ET dataset for climate studies. Knowledge of the uncertainties in available ET products is a prerequisite for their use in many applications, in particular for the evaluation of climate-change projections [e.g. Boe and Terray, 2008; Seneviratne et al., 2010] . We provide here an analysis of 30 observations-based multi-year global ET datasets In addition, we analyze ET in 11 coupled atmosphere-ocean-land GCMs from the IPCC Fourth Assessment Report (AR4). A complementary analysis for a three-year period (1993) (1994) (1995) by Jimenez et al. [2010] focuses on sensible and latent heat fluxes in a subset of twelve satellite-based, LSM and reanalysis datasets.
Data and Methods
The analyzed datasets are subdivided into four categories (Table 1 ). In the 'diagnostic datasets' category, we include datasets that specifically derive ET from combinations of observations or observations-based estimates, together with relatively simple or empiricallyderived formulations. The remaining categories provide ET estimates as a byproduct. The second category includes LSM products driven with observations-based surface meteorological data, while the third includes several atmospheric reanalyses. These first three categories are referred to collectively as 'reference datasets' in the context of assessing the IPCC AR4 estimates. IPCC AR4 simulations from 11 GCMs form the fourth category.
An overview of the datasets can be found in Table 1 . For a detailed description, the reader is referred to the auxiliary material.
The subdivision of the datasets in the first three categories is somewhat arbitrary, since they are all based to some degree on observations and modeling assumptions. Thus, it cannot be inferred a priori that one category of datasets may be closer to actual ET.
In addition, several datasets are not independent, since they use common calibration or forcing datasets, and/or common model assumptions (ET parametrization).
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The analyses are performed for the common period 1989-1995. The calculation of the interquartile ranges (IQR) and standard deviations presented below are based on the categories (see Table 1 ), giving each dataset equal weight. Only land pixels that are common to all datasets (excluding Greenland and the Sahara, where ET values are generally low) are considered for the analyses. Thus, climate models may share common biases in these regions, either related to biases in forcing (precipitation, clouds, radiation) or in the representation of land hydrology.
Results and Discussion

Annual means and global patterns
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Basin-scale analysis
Multi-year ET values of all analyzed datasets are displayed in Figure 2 In order to study the inter-relationship between the individual datasets, a hierarchical cluster analysis of the multi-year mean ET values is performed (Figure 3 ). The cluster analysis sorts the datasets into groups in a way that the degree of association between two datasets belonging to the same group is maximal. The criterion used for our analysis is the Euclidean distance between datasets on each land grid cell. Datasets in the same branch of the cluster tree share similar global patterns. The strongest dataset cluster is built by the GSWP simulations (with GS-COLA being the only GSWP model outside the cluster).
Most of the IPCC models also form a common branch in the cluster tree. However, the diagnostic datasets and reanalyses are separated into two different main branches of the cluster tree. This indicates that these datasets, although based on observations, exhibit distinct spatial patterns. All the reanalysis datasets are constrained by different exogenous data and some of them are on different main branches of the tree. Note also that simulations using the same model but a different forcing (Mosaic, driven with both GSWP and GLDAS forcing) are separated into two main branches. These findings suggest that forcing can be critical for the resulting ET patterns.
Conclusions
This study provides an overview and evaluation of 41 global land ET datasets for the regions. In their global average, the IPCC AR4 simulations show a smaller spread than the categories and groups that are partly based on observations, except for LSMs from the GSWP, which are driven with common forcing data. In addition, climate models display narrower inter-model range than the reference datasets in some regions, which may suggest shared biases. However the uncertainty of the observational datasets prevents evaluation of the magnitude of this bias.
To reduce uncertainty in ET estimates, besides improving ET models, further collection of 'ground truth' observations to validate and force the models continues to be essential, especially in data-poor regions. More refined analyses may allow a reduction of the uncertainty range in observations-based ET products, by identifying whether given outliers can be excluded based on physical considerations [e.g. McCabe et al., 2008] . Such analyses should nonetheless also consider the lack of independence among certain products, which may lead to an underestimation of ET uncertainty. This is well illustrated by the analysis of the GSWP simulations, which e.g. form a strong cluster in the cluster analysis performed for global ET values of all datasets. Further analyses of the datasets collected as part of the LandFlux-EVAL project will allow addressing some of these questions.
